J/ψf 1 (1285) decay with the branching ratio [1] , Br(B s → J/ψf 1 (1285)) Exp. = 7.14 ± 0.99
Of course, the accuracy of the above data is expected to be improved rapidly with the future LHCb and Super-B experiments. By combining also the first measurement of B d → J/ψf 1 (1285) channel, the f 1 (1285) mixing angle between strange and non-strange components of its wave function in thestructure model is determined to be ±(24.0 +3.1+0.6 −2.6−0.8 )
• [1] for the first time.
It is well known that, in the quark model, the f 1 (1285) is a p-wave axial-vector meson with J P C = 1 ++ , which is believed to mix with the partner f 1 (1420) [2, 3] just like the "η − η ′ " mixing in the pseudoscalar sector. Up to now, many discussions have been presented on the mixing angle θ3 P 1 or φ3 P 1 of f 1 (1285) − f 1 (1420) mixing corresponding to two mixing schemes, the singlet-octet(SO) basis and the quark-flavor(QF) basis [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . One of the most important reasons is that the mixing angle θ3 P 1 or φ3 P 1 can be utilized to pin down the angle θ K 1 of axial-vector K 1 (1270) − K 1 (1400) mixing system [13] , which is a very special mixing between two distinct types of axial-vector states K 1A (1 3 P 1 ) and K 1B (1 1 P 1 ). The axial-vector f 1 (1285) − f 1 (1420)
mixing can be written in the SO basis following the common convention [16] ,
with the SO states f 1 = (uū + dd + ss)/ √ 3 and f 8 = (uū + dd − 2ss)/ √ 6. While, in the QF basis, the f 1 (1285) − f 1 (1420) mixing can be written into the following pattern [16] ,
with the QF states f 1q = (uū + dd)/ √ 2 and f 1s = ss. The QF mixing angle φ3 P 1 is related to the SO mixing angle θ3 P 1 by the relation φ3 P 1 = θ i − θ3 P 1 , where θ i is the "ideal" mixing angle with
• . Therefore, φ3 P 1 measures the deviation from ideal mixing.
Though the f 1 (1285) mixing angle has been preliminarily determined through the B d/s → J/ψf 1 (1285) decays in the QF basis by the LHCb Collaboration, it is necessary to point out that the assumption of exact SU(3) flavor symmetry on the decay amplitudes of B d/s → J/ψf 1 (1285) has been adopted [1] . In fact, at the theoretical aspect, the contributing components in the above mentioned B d → J/ψf 1 (1285) and B s → J/ψf 1 (1285) decays at the quark level should be the QF states f 1q and f 1s respectively, whose behavior may be different from each other because of B s → J/ψf 1 (1420)(right) decays. In the former(latter) decay, the coefficient for the component ss is sin φ3 P 1 (− cos φ3 P 1 ) in the quark-flavor basis and
) in the singlet-octet basis.
the real existence of SU(3) breaking symmetry for f 1q and f 1s . Consequently, the resultant mixing angles may considerably shift away from the expected values.
It may be very interesting to study the mixing angle of f 1 (1285) − f 1 (1420) mixing through the same components at the quark level, for example, the f 1 (1285) and f 1 (1420) mesons are produced through their strange components in the B s meson decays, as easily seen in Fig. 1 .
Following this way, the mixing angle φ3 P 1 of f 1 (1285) − f 1 (1420) mixing in the QF basis could be extracted more directly and cleanly through the following ratio of Br(B s → J/ψf 1 (1285)) over
where Φ f 1 (1285) and Φ f 1 (1420) are the phase space factors for B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decays, respectively. Once the measurements for the decay rates of these two channels are available, one could extract the mixing angle φ3 P 1 through Eq. (4) directly. In view of the equivalence for f 1 (1285) − f 1 (1420) mixing between QF basis and SO basis, the above ratio given in Eq. (4) can also be expressed in the SO basis as follows,
which can also be used to extract the mixing angle θ3 P 1 approaximately based on the assump-
, then extract out the mixing angle φ3 P 1 via the
And what's more, decays of B mesons into final states containing the J/ψ charmonium state play a special role in studies of CP violation physics [17] . As discussed in the literature [7] [8] [9] [10] , the behavior of 1 3 P 1 axial-vector meson is similar with that of the vector meson. It is naturally expected that the B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decays can serve as the alternative channels to reduce the errors in the determination of the B s −B s mixing phase φ s effectively.
We will therefore investigate the B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decays in the perturbative QCD(pQCD) approach [18] [19] [20] −0.038 GeV [22] . For the f 1s state, for the sake of simplicity, we adopt the same distribution amplitude as f 1 with decay constant f f 1s = 0.230±0.009 GeV [22] .
In fact, we have confirmed that the CP-averaged branching ratios just vary 3% for the change of the distribution amplitude of f 1 into that of f 8 .
The following input parameters, such as the QCD scale (in units of GeV), masses (GeV), decay constants (GeV) and B s meson lifetime (ps) as given in Refs. [7, 11, 16, 22] , will be used in the 
1 Actually, as presented in Ref. [7] , the two SO states f 1 and f 8 have the similar hadronic parameters, which can also be seen from the similarity of the relevant input parameters in Eq. (6) and the related phenomenological discussions.
For the mixing angle of f 1 (1285) − f 1 (1420) system, in this work, we adopt the recently updated 11] to calculate the physical quantities in these two B s decays. 
Br(B s → J/ψf 1 (1420)) = 0.97
+0.14 [7] , of the charm quark mass m c = 1.50 ± 0.15 GeV, and of the mixing angle φ3 P 1 = (15.3 ± 4)
• or θ3 P 1 = (20 ± 4) • in the QF or SO basis [11] , respectively. Moreover, in this work, as displayed in the above equations, the higher order contributions are also simply investigated by exploring the variation of the hard scale t max , i.e., from 0.8t to 1.2t (not changing 1/b i , i = 1, 2, 3), in the hard kernel, which have been counted into one of the source of theoretical uncertainties. It is found that the higher order corrections to these considered B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decays are finite as the naive expectation. It is worthwhile to stress that the variation of the Cabibbo-Kobayashi-Maskawa parameters has almost no effects to the CP-averaged branching ratios and polarization fractions of these considered B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decays in the pQCD approach and thus will be neglected in the numerical results as shown in Eqs. (7)- (10) and Table I .
From the numerical results predicted in the pQCD approach, it is interesting to find that the CP-averaged branching ratio, (8.71 Based on the above theoretical predictions for the CP-averaged branching ratios of B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decays in the pQCD approach, the ratios of the decay rates between these two modes can be obtained straightforwardly as follows
and R SO;th. s ≡ Br(B s → J/ψf 1 (1285)) Br(B s → J/ψf 1 (1420)) = 0.082
where we have kept the masses of f 1 (1285) and f 1 (1420) mesons in the phase space factors for • by Mark-II detector at SLAC [4] , with the updated Lattice QCD analysis (21 ± 5)
• [14] , and with preliminary (24.0
• reported by the LHCb Collaboration [1] . Strictly speaking, the non-perturbative inputs for the involved hadrons need stringent constraints from the experimental measurements, which then makes the relevant predictions theoretically reliable and comparable to the data. Of course, it needs to clarify that the definite mixing angle demands enough data samples collected from various processes.
We have also computed the CP-averaged polarization fractions for B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decay modes in the pQCD approach. The numerical results for the polarization fractions are presented in Table I , in which various errors induced by the input parameters have been added in quadrature.
From the theoretical predictions for the CP-averaged polarization fractions of the considered B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decays in the pQCD approach as shown in Table I , Table I ), respectively, which seems slightly different from that for B s → J/ψφ channel [21] . Meanwhile, as can be seen in Table I, decay and encouraged by the good agreement between the pQCD predictions and the available data for the B → J/ψV decays, we studied the B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decays for the first time within the framework of the pQCD approach by including higher order QCD corrections. We made the first pQCD evaluation for the CP-averaged branching ratios for the considered B s → J/ψf 1 (1285) and B s → J/ψf 1 (1420) decays. The results arising from a smaller angle φ3 P 1 ≈ 15
• turn out to be well consistent with the current measurements within theoretical errors. By employing the ratio of the decay rates for the considered two modes, we extracted the mixing angle φ3 P 1 of f 1 (1285) − f 1 (1420) mixing system as φ3 
